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1 

[1$fKII#©«&H] 
% £ HUH" 5 S3S ttM¥^# V.— 9* "C fo o T , 

striEaae fi , hu is as w » * ffMt 5 ft k. m ^ a 

[19*312] s»*«ifc*jvN-c; 
[ 19*31 3' l - 89**2 fcstei^-t , 

[ft*! 5] |f*JSi~4<ot^^d^tev-c, 

[19*316 1 HI*3Sl~5©V^tT,*»Jw*5V>-C, 
[tf*3S7l t»*3Sl~6©^-'-t ! H*4C*5V->T; 1 

Miami** «u nft^tt&m^btt*. m^%m^w 

[W*3S8l . KT©IS (a) ~ (c) Sr^tfffilS* 
IS, 

(b) tWB^fl^#©±ffi©gf£««#«ffiLfc# 

(c) aft$*5taw^X»«S:^ri-5ttlWWS:^ 

(d) tWB^*flE*t*flc©±ffiKilWB«**SriB1Ii-5 
IS, *JJ:U« 

(e) 9WB*tt*SrSlftS*T, IHIEtbtt§PSr^i-?> 
Ig. 

[19*3^9 1 St*JS8fc*SVvT, 



[I9*ill0i »#JS9fc*J^-C, 

©Mit^rfe . 
[!f*3jll] §9*Jl8~l 0©^i"Ka»fc*S^-C, 
fulBXS (d) fcfc, ^^Vf-y X^©$fej^»CBulH?K 

[19*31121 19*3l8~ 1 1 ©^THdM£*SV*-C, 
io mFiEIS (d) 14, -< v 5 ^ y h — 5/ KSrfflv^TffrlB 
«*t«J*l!WE**{Wia#©±iBfci*lllb» K«E«teS: 
»±BK:Elt-f5ia-e*)5, S5§)t^^2»* u— !f© 

[19*3113]. lt*3S8~l 2 ©W-ftb^^*5V^-C. 

[I8I»1©P«B^SIK1 
20 [ 0 0 0 1 1 

[0002] 

30 5o 

[0003] ffi«*a¥##^— if ©ttftfcflMft©— o 

^WfeJxS. r.©fctf>, E»#S!*HWi'~!» , tt, fc 
£;if4\ *4ffi^©^=TS©)t7r-Y^SrfflV'>fc3t7r 

[0004] *fc x -mi$m<D%7 r << '<mm^-&\<^x 

3t^a ; ev ; 3.-/i'©«^;©ffisiS'ft:, fSS©^^^, 
40 jo-it/tea* Mb& s g*$*vct^5 0 -tr-e; B^^tS! 

If^SrAlt-rSr £^T*#Sfcfe, #6»Tffi*^«^ 

[0 0 0 5] ^^^^i/^^cP'r'f'^^i- 

v * V* 5 A.^^ 5 fc € 5iSggl?r 
so ft<-f5 565«iSfe5»&fctt % u— !fjtU*©*#3ic3t 



f#.(JB2001 



-284725 (P2001-284725A)' 



(3) 

3 

£ if ^-Tf;: & LT« i>— !f}t©ffl£t PS** 

ffitt PS3r*t < "T?> t u— < #5 

[0 0 0 6] - 
[000 7] , ! 

[im*#*-r a *:»©#»] (a) *sntM>i9 
— v— if 3t & mtt-rs ii*a*i* sf-cfc •=> r , 

IE«ii Ji l± » ttrtE U It « Sr ^-t" * *: «> K: ffl v ^5 

■ [o 0 0 8] .r.rt, WIEailtaSr^-^S^fcmffiv^ 

[0009] iHrlBmWlBfcHMSi"*fc*fcffl^3#W- 
[0 0 10] ^w«^^iJxHf, iSU'— iftU**s#fe 

[001 1 ] i«EaHi*aiN»*.i^— r <oftn um»* « 

t L-tli, (1) ~ (4) .Sr«^-C#5. 

[0012] ( 1 ) mE#«*K*«t«:&v*-afc»t>© 

So 

[0013] (2) KrlE¥^itaM^tttrSEtliitatro 



4 

flt<o±ffifcfiE*ttiiSBtf— Sf*. s&fc. lti*t* 

[0014] o) wiam«ttA**»fe&*r.i:asa* 
[0015] (4) mftmmtm, M$HF"fb&*a»e>4 

[0016] (B) *#wfca»a*5ffi**£!iN*#i<'— 

1f©i![5jf*«fett, UT<DX.U (a) ~ (e) lC«t»)^ 

[0017] ( a ) *3MM6S±fc , tt#©¥*fltf«» 
*Sr-&tf*i8»«:^i-«xe, (b) WfE^fltftfll 
&©±ffi©E^»ktf 5 ®WLfc:t£f§T\ ffilB#S4licm 
«E*raA-t-5*:«>©mffiSr»j*+5ia, (c) mitz 

nzt&ui/Xftmz m-tz a* » sr a » © « 

±iffi#:©llHSrafeiitfr i: lei 9 N ^^#^*t«^© 
5§i-TSxm> (d) miffi¥^±ittfls©±ffi{-milE^ 

[ooi 8 ] «eR»i»4, Mfemwa^^-f- 

. [0 0 1 9] r©*&lc:j;ixtf, «f|BKjR*fc#U-C* 
JSSittSrWt;* ^Kt- J: o T fiWB*3«WI«flE© JB H 

•W-g-^^ST^itt-rtb©^^ u-rlf ttSWa^r # 
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5 

■Cffi*<JlST«t5 £ k &X>% So 

[0 0 2 0] nux.UKH^x , iWiE*K*s#JB-e*>4 

[0 0 2 1] IWB«J«*t7y**»fli 

[0 0 2 2] 8WEIS (d) iZLfc-^T, ±3iEO^fr*i 
[00 2 3] flic, 7 s W ^'O'f' / X/K^ftffiKfffgE 

[0 0 2 4] rw^rfelciHii, iuffi/X/v&^SC: 

[0 0 2 5] 3S2K, i^S^y h^-y KSrffly-Cifr 
[00 26] frfrZJ h^-y KSrffl^^fc*fe 

[0027] ^fc. HtrxEUfcxstc*jv>-c, ffiiatttttt 

MX- h 5 Zk M\ 
[0 0 2 8] 

[0 0 2 9] (t^M ^<0«3fi) H 1 «v #3S^©-* 
[0 0 3 0] 121 1 fc^l-ffilBtt if 1 0 0 f4 x ttttas 

i i o «r£tf i 2 o as¥»f*x« i o i ±fc»dt- 



(4) 

6 

2, 10 3, ±SFB5v*— 1 .04, tsXXf^l"?? 

hm i o 5 3ss|i**ti/T»ja'*ixTv^a 0 -&ms&i 2 0 

f±, nSGaAsH45^MSl 0 1 ±\Z S 
GaAs^b45^s/77i (EI^Mtri*) , nSAl 
0.2G a 0 . 8A s t nSA 1 0.9^ *0. lA s t Sr^H^ft 

'J £V*5) 102, nS!A lo.5Gao.5AsJ&> 

A s ^x;l/|if J 4 nmOA 1 0. 3G ao, 7A s t <Ds< 

F*3gcDSttif 1 0 3 , A 1 0. 5G a 0. 5 A si^^Sp 

mtvv'Ym m^-r) . Aio.2Gao.8As tAi 

0. 9G a 0 . lAsi Sr^SlCfWB lfe3'0^7^*KW 

[0 0 3 1] -LgB^ 7— 1 0 4lt Z.n#K— tr^S 
ix^Cir^it), pSlfcS*U\ TgC^ 5— l o 2 tt % s 

tbTW^l^j4S 1 0 3\ *5J:VT*FB5 9—1 -0 2it 

[ 0 0 3 2 ] a ? VM 10 5 »; «3£r5«*tftSr 

4fc»4, 1 0 -SfcWLTjltUftasiKl^ 4 

fc, ny^?^ MlOSft, ±MmMl 1 3 t S y 

?&m^mt£ttwx*ibz> r. kas^e-T*, AiGaAsi 

«-»C0*fr&, fc^^tf, 5X 1 0 18 cm- 3 EJlJiOiffi^ 
<753F*B«ias K— t°^^$HfcA 1 o.-2Gao.8As a>fefc 

30 5 0 *" ' . 

[0 0 3'3] *S*r : 20tlt fu^LfcJ:?^ =i> 
^^M105, ±^5^9-1 0 4. *5j:l«Stt*l 0 
3 *r^tftt«t«'l 1 oas^^ttTV>Sp r ft^ 
SUi (4, 12 0 t»*S'iifctttt©i|£»*«i# 

ttSBl 1 las^ltfettTV^o. : 
[00'34] 1 1 0 »4««>ii*«|3iSr*i-5o 1~ 

t£t>h, a^i i 0f4-t<o«Ha5aiiiJii o 6{c±o 

40 .11 l*»ja6^Sfcftfcffl^5^K»L-r**ftitt*r 

^ri-sttJta^jKjftSrtfct^-cfcSo' a»a*a*if i u 

[0 0 3 5] $ BUM 1 1 2 te, 1 1 0 CD 

so [0 0 3 6] ^ It, ±$Umffi 1 1 3 fi s fci KLf4\ ^ 
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<0 , *£#S5 1 1 0 <D±m\Zt°\,^X, ny^^Hl0 5 

«}: If ffeS:/! 1 1 2cDSffi£S? J; 5^LT^J&£ft.TV^ 
5. ±gi5tt^l.l 3^37^^ hI105iUV 

itfflnUi i e^^^tuTv^. iHjogBi i 6£*ti^ 

X. ay^M-Il 0 5 ir^xE-T 3 tMtm l l^tL 

*<tc&. S3z>s i o 6 tmm--rz>i><D-?ibti\i; mem 

fe£ii%h<z>xttt£^\ 

,[00 3 7] £7i, 10 1 <S>«® 

SlO 1 Kfc^T*^ 1 2 0^ffM$H5ffii:S*ffliJ 

©ffi) 7c£;tk£, Au-Ge^ > .= 5'^K & 

• [0,0 3 8] $ kl^fflttgU 1 1 fi; tt^gBl 1 0<D 
±ffi\z y ±Umm 113 -e® 9 i 5 LTlStt 

fe^T^S. WttgBl 1 1 teigW.^fc 9 , froth U>-X 

ftrnzm-tz* i-ftfc>*>. mittui i i<o±si±tauv 
^tv>5c taw^i i i<wstf^ ^tcps^^H^tjw 

K^HMIrt? ^J* $ V v?, <D 2>s J; 9 U l \ 
[0 0 3 9] (-r/W*roWrt£) iBIBJte^— If 
.1 0 .0 OiM.lltS. 
[0040] JiSfBmM 113i T95mi! 1 1 5 b T% p 
i n^-r^- Ktw)lK*|6]WmJ£SrPP*p-f-5 SttJf 1 

ISfttf^C-Sc -?rrT-^Dfc)t^±gB5;.7— 1 0 4 tT 

o 2 tcDr^$ra«i-^^. mmifcmmz 

tv-fig^:^ M n SB i l 6 a» *b ffiftSB l l l 

[00-41] (xVW^MiiXn-fc;*) ^{c, E11K 
TF-fftftftu—fi o OcD®i5t7'D-lr^.{rov^T^,^-r 
5 0 0 2 ~HI 5 tt, ■ Elgft If 1 0 0 (DMi£X.m &m 

[0 0 4 2] *HJ£©^ffiJC^*>5ffi^^l^— If 100 
©»ifcfrifcl±, XtC^TWIfl (a) ~.(e) 
5. XS ( a ) ^ttSfc 1 0 1 ±fc» 1 1 

0«r-£tr#fi»l 2 0*»j«-f 5Xetf*5. H 

(b) fi, 10<0±E©@f3t^H^ s @taU^ 

f§-t\ 2 otwmsfESr SEA-t:?* 7^ *o±gsm^i, 
tai^vx^^^-f-saitssi i i-.sr^j«i--5fc«>© 



r±, tiii i o 6 &j&rft-tzitib<Dffif&vowt Lxmm 
■^mytz.m^^irc is (<D.tt, mi l o©i 

'.fl6fcj*Wfcl. 1 9 SrSBB-f 5XS-efc5. IS (e) 
tt, 119 fcfMkSlfc-C,. fflltSB 1 1 1 SrHMM- 

io [0 0 4 3] *i\ H2tr#WL««fe, IS (a) (C 

. o^XtfLWtZo . 

[0044] (a) .nlGa A s^&4li¥«fffif(l 
Olid, nSGaAsWil^y^Tl (iS* 
T) , AlojGao.gAs fc A 1 o. 9G a 0. lA s t 
Sl-^SL, S e £r K— tfV^Lfc3.0^<TOTlfB? 7 
— 1 0 2 ftK, T»5.9— 1 0 2 a 

nlA l 0 ,5Ga 0 .5AsH4'5nS;!'7.5' KS (0* 
-fr-f) ; *3j:Otp$4nm©GaAs|>x/Vii, 
4 nm©A 1 0:3G a 0. 7 A &/* JJ.TJI*»b* fx f^!>^ 

20. /Vjg;&5 3S-e«¥^$n5S14Ji 1 0 3 a Sr^-TS. $ 
Me, fStSJil .0 3 a±jE, Al 0 .5G.ao,5As^?)!i 
5pi^7? VM- (WOf-UtT) , fcitPA.l 0.2G a 0.8 
A s t A 1 0. 9G a 0. iA s i: Sr$StfI L, Z n Sr K 
— Lfc 3 0 ^<T<D±M ^ 9— 1 0 4 a %J&l&.1r 
5o -t^x 10 4 a ±t; pSG a A s 

VM \ 0 5a &Wi-^5 0 
[0.0 4 5] ±IE<0#gtt, ^^JB^ffij^* (MOV 
PE :Me t a 1- Organ icVapor Pha 

s„e... E p i ,t a x.y l.mx^if^ =¥^./V^ft 

30 rtdST?#5o fci:^.ff v /*fttaSfi, 7 5 

O^, ^ftffi^Jfl, 2X10 4.PaT% III^JN-i-T 
MG a ( MM^vv#!J !7^s) > TMA 1 (hU^f/v 
7/V$ = !7-i-) 0#»4*4rfflW\ Vl^mfftAsH 
3 . nIK-^yH:H 2 Se 1( pfK-^MCDE 

[0 0 4.6] ^^f? hMl 0 5 7^- h 1/ 

[0 0 4 71 ft^T\ S3IC/TtJ:5t, l/v^r-JlS 

•? , =? ^ 1 0 5 a „ ±gB 5.7— 1 0 4 a , *3«t 
Uigftil 0 3 a tT-^lf^lCis/^^L, tt^gBl 

k Lx&m$.izt±)&.m^# * (mkfr%, b c i 
3) &m^z>Ri&&'< j»^-y? >?h&mi>^ i t> 

so .XK&jgdHs -£fi^xs|tjtt), 
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? YM 1 0 5, ±M<7— 1 0 4, *i«tlW£ttJi 10 3 

[0 0 4 8] 11 (b) toV>TtftK-f-5. 

[0 04 9] (b) 04fc^1-«fc S i H4 

*>7>0 ^^.*5j;TJ 5 02 (ffif^)-^SrfflV\ N 2 
ft) y-7#;*t^5&ffi!ftCVD8;lc,fc 9, 

*iS3§ 12 0 ©Affile, fct 1 0 0~ 3 0 0 n 

m<D^V =>>-WUtm (S iOXD -Z<D 

4^-f a^sci 1 0 ©110- ge&it/TgB 

1 0 2cD±ffi£Bfc#, v-y aVffif'ft^Srais/^^' 

[0050] fifrSS i 0 1 ©gffi»c, 

H#ffi^«tt), Au-GeM, Ni, A u Irl^ai 

[0 0 5 1 ] ££>te % El4fc^i-J;5^s ftt^l 1 0 
<D±MK^^X='^^ y HI105i!J V^f-Ste 
U 2>>o, tt^giJ'l 1 0 ©fi!lffi*Jj; tWtg 1 1 2£S 
5 <fc 5 i-, ±Amff 1 13Sr!)7 K#7tfefc: - J: 5 JFMi" 

fc^JSSSrffl rt^S'. 
[0 0 5 2] jfcK, @5!r#I L"C, IS (c) tdo^ 

[0053] ( c ) mm 1 1 0 ©_tffi*rttas«m-*-3 

J: 5 id, e«S51 1 0O«HSr»IB-ca«>ii*» S&S 
10 6 Sr#5„ S&Jf 1 0 6_*«WSi-3*HIBf±, 
5Xm(-tev^Ttiittg|51 1 1 fcT&S'-rSfcfcKffl^.SJfc 

y mmmm\ 2 mm^tm^m 7 y mzkmrntm^x* 

[00 54] M&m 106 Sr^-r^fcSbwfeK 

Sr*Tt-S*ft"C*)^tf» *l&g 1 0 6 SrJgjfc-f-Sfcft© 

[0 0 5 5] £A±tf>Ig£«fc 9 , tt^SB 1 1 0(DilH(c 
1 0 6 &M$L L"C, t£#SB 1 1 0 SrSifri&^lffift 

[0 0 5 6] It (d) ICOl^TtftW-fSo 

[0057] ( d) *T , / X/Hc J: 5 f«tt«3S:ft^$B 
1 1 0±ffi{c^i-5 o . rott«ft*, IH6~Ej8£# 

m \ 1 9«rtt*t«ij-i i o±Mizmm-tz>jjtik&m%mz 
[oo58] u— fttamomftfttjut tezmm-zita 

toilBoiiJffl£OS*Mj)i 1 9S:/X/n l 7fcaA 



70 

ihkssi i o<d±m. mz^vzt vmi o s^Ktuaa 

isiULhSpmUl 1 3 <D b %W$3& 1 1 0©±Etc^j5K 
^ttfcgB^^LfcS, EI8{-^i-J; 51-, /X/H 1 
7 *r«-f c 

[00 5 9] M10 5 *J J: tf_tSB®& i i 3 

fi, f&tfc^l 1 9fc»LT|»lrt4«:Jfr-f 
3„ -t"#:fc>*>. a >^ 10 5&£xf±MMU 1 1 

fflLfc3V^?Hl 0 5 *5 ± Xfi±MM@: 1 1 3 ©—SB 

m l t #m ni* 5- 5 »jb*> e> »j« *'*tx v * * fc » . 

iH32Jil 0'6±»C^#J1 1 9*5fi*7^Lfct LTt>, 
1 0 6 ic J; !3 « Cd^So (4 D*»ixfc^#J»4, . 

a^SBi i oco±ffiid^$nfc?K^^aiiix^^, t 

W^m, S5^1 1 9f±ftK«|Jl'l 0©±ffiCa5. » 
20 ofcSttWl 1 9f4, *ffiiB*K:J:9; w— !f Wlt«B5 1 
1 1 (DBmhttZ uyX^Sr^i. ' 
• [0 0 6 0] r.<0j:5t-, /X/Hri!9JS^Srtt*tgB 
1 1 0±®id#t*&-r?.^&icj;tt«, ^tt#3W^S, / 

x/waisitw/ x/wftiiB«D«**4if srw* t/c y . / 

X/v5feC<D*ffi«iS^if»cJ;t), u— ^mttSBl 1 1<D 

[006 1] ^KOfK^i: LTtl, fci ittf» 

[00 6 2] *^WtS»|g»±, *^«5llS*tO*Tf« 

[0063] yswamtemmmn, ^y 
[oo64] ^mmtmr ? y /wmwigo^^j i l 

T(4,XU-JKy -^-Sfctt^y =f-7-i LT(4, fci^L 
so y i/- S®, iTK^v-^^^ y u— HI, ^u-^^^^ 
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?y u—vm. i£ytt s rfl'*?9 x ) ^—hm. [oo 70] Mfttu, #y>f ^ K*nw*<o 

—7-^9 9 V \s- hm^?>*9 9 V ^ — HSM$a s *i]JB W^£fflv^c«^l-f4 s ;tfy^ 5 K8MB#<0«#*£ 

X#3 0 M+a-Ttoltt^ 5 KteRffiSrfi:: Ltfy -Y 5 K3R 

[0 0 6 5] ^y^-tLTfi, fcirfctf, »JS*ffe**-a:ai4:fcJ:0, g<Wf5:i;i^ 

2-tKD^xf;V7?!l^-h, 2-fcK* ^©Hftfc <t5^^— >?> ffliijf 1 0 6 *«riiV*»Jli 

/vr^ y i^— k -r y^/v^/vr^ y --f— k o o csg^i3Tfc5 0 ; jp^rat tte v 

-/u^yu-h, 1, 6 9 [0.0> 1 l.Wiaxa (d) teftv^T, »*ft*rtt!R« 

^y i/- K ^t^yf ;v^y 3-^7^ y *K 1 10©±ItMt5*fetUt, 7^ ^'O'UVX 

yxf ^y3-;v^7^yi/-h, -O-^^y^y ;W l 7K:J;5ttj£#fe£#J*Lfcas, B18*5j:Wig9 

h — A-i^T* y .Kfo— 'ffflBtt*/-*'— , > y 5 fc, -f^v^^ y Kl l sSrffl^T, 

u—;v7T2/<>> H y y \s— K hJ^fo-^P' fl&Kfel 1 9Srtt^$Pl 1 0<Z)±ffitc|tmL^^"r5 

/^^Ky y K ^y^xy^y-h-;vhy7 #ftfc£t>au ! Hi"5 - t^-c# £ Q >o-^>?^ > y h^y 

?l)u—h, is^l/f^V *V h—/^^T9 y • Kl 1 8S:ffi^fc*fef4, ffi^.lfflt?}Ktt*Srtt^ 1 1 

[0 0 6 6] 3t*frH!*ttHi ttfi> fcixJi, 2, 2 20, jfeis*>3 0 >f >^ >^ y K"T5IS, . 

WfffrV^ J I'm. p - t e r t -~7*f-fr*?9 [0 0 7 2] ^^^bMMIcD^^tcaffl^lg^^r 

Tirh^^/^, p-t e r t -ttA> V V 9 n o Tir. 3R}§#J£ LTf4, .WfcPWfeSih/* 1)^X14^^^ fci 

K;7^/>\ a, h XLfcf. 7 P n tVy ^ y 3 y ^ f /Wx-f^tr 

7 x y d ^ryft7t F 7 x y yffi, ^>-Jy — K 7"p tvy ^ y, n-zv^e y 7 p n t>x^f * 

aZ-Xv N,-N— r f7^f/V-4, 4-v ; 7^/'<>' h^v-^^-^n.t 0 ^— h A ^K^^f/^Pt^ 

:/y^ji/ti:}i(K>^yVy^j y^./<^JV, ^y>? . K x^tp y,/^, . ;v±.p.y;^7tr- 

/isi/J^/istr*— /UJfcJfO-^vy/MK; ^ 30 K ^ t ?/i'79'r— K xi^vtf/vtf^— K yf;V7 

y/^ y7/v+/vx-f;v4'i?o / <yy Y >^S> 1 — 7 ^;^>y> v^n^fyv, ^rv'i/y, h;i^>\ 

3,-/1,-1, 2-^ p n/^>'v ; ^^-2- (o-^h^v- ^7tf- HftifSrW S^t^X^ *?ix% S 

t^fyfy, 2-9vv^**^>y>t£E<D*Vi<' " [00 7 3l.#y^ 5 KottK#<^«ft4fcfci*ffl"^tB* 

b>-*lx -<y^yx- -Y y^f/v^y^yx ^^MtbTfi, fct^tf, N-^f;v-2-Va y 

©7 v?*;v?84ft^*S:*lf 5 C i 5c 3)l^i»ffl [00 74] WIE?K^SrS4ft«fB 1 

jkMT^ y ^3WMB*rl!Mbb*:lft©*MBf±, iiH** 5 * 1 0©±B:ft|&t5*j£i: Utli, iSH. ^ tr^s- 
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(54) SURFACE-EMITTING SEMICONDUCTOR LASER AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface-emitting 
semiconductor laser that can obtain high laser output and has a 
small laser radiation angle, and its manufacturing method: '.. 
SOLUTION: In a surface-emitting semiconductor laser 100, a 
resonator 120 including a columnar part 1 10 is formed, and an 
emission part 111 having a convex lens shape is formed on the 
upper surface of the columnar part 1 1 0. The columnar part 110 has 
buried structure, and is formed by burying the periphery of the 
columnar part 110 with a buried layer 106. The buried layer 106 is 
made of a substance having non-affinity to a material that is used 
for forming the emission part 1 1 1 . 
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CLAIMS 



[Claim(s)] 

- [Claim 1] It is the field luminescence mold semiconductor laser to which a resonator is perpendicularly formed on 
a semi-conductor substrate, and carries out outgoing radiation of the laser beam in the direction perpendicular to 
this semi-conductor substrate from this resonator. Said resonator The outgoing radiation section which has a 
convex lens configuration including a column-like semi-conductor deposition object at least in a part is formed in 
the top face of said semi-conductor deposition object It is the field luminescence mold semiconductor laser 
formed from the matter which has non-compatibility to the ingredient used in order that said buried layer may 
form said outgoing radiation section by said semi-conductor deposition objects having an embedded structure, 
and the perimeter being embedded by the buried layer. 

[Claim 2] Field luminescence mold semiconductor laser said whose matter is resin in claim 1. 

[Claim 3] Field luminescence mold semiconductor laser said whose resin is fluororesin in claim 2. 

[Claim 4] Field luminescence mold semiconductor laser by which the electrode for pouring a current into said 

resonator is formed in the top face of said semi-conductor deposition object in either of claims 1-3. 

[Claim 5] Field luminescence mold semiconductor laser with the path of this outgoing radiation section [ in / on 

either of claims 1-4, and / the plane of composition of said semi-conductor deposition object and said outgoing 

radiation section ] almost equal to the path of the top face of said semi-conductor deposition object. 

[Claim 6] It is the field luminescence mold semiconductor laser which said electrode becomes from a metal in 

either of claims 1-5. 

[Claim 7] It is the field luminescence mold semiconductor laser which said outgoing radiation section becomes 
from a high molecular compound in either of claims 1-6. 

[Claim 8] The manufacture approach of the field luminescence mold semiconductor laser containing following 
process (a) - (c). 

(a) the process which forms a resonator including a column-like semi-conductor deposition object on a semi- 
conductor substrate, and (b), after the predetermined field of the top face of said semi-conductor deposition 
object has been exposed By embedding the perimeter of said semi-conductor deposition object with the matter 
which has non-compatibility to the liquefied object for forming the outgoing radiation section which has a convex 
lens configuration when the process which forms the electrode for pouring a current into said resonator, and (c) 
hardening are carried out The process which forms a buried layer in the perimeter of this semi-conductor 
deposition object is made to harden the process which makes this semi-conductor deposition object an 
embedded structure, the process which arranges said liquefied object on the top face of the (d) aforementioned 
semi-conductor-deposition object, and the (e) aforementioned liquefied object, and^orms said outgoing radiation 
section. 

[Claim 9] The manufacture approach of field luminescence mold semiconductor laser that said matter is resin in 
claim 8. 

[Claim 10] The manufacture approach of field luminescence mold semiconductor laser that said resin is 
fluororesin in claim 9. 

[Claim 1 1] It is the manufacture approach of the field luminescence mold semiconductor laser which is the 
process which arranges this liquefied object on this top face by said process's (d's)'s making the drop of said 
liquefied object at the tip of a dispenser nozzle in either of claims 8-10, and contacting said drop on the top face 
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of said semi-conductor deposition object. 

[Claim 12] It is the manufacture approach of the field luminescence mold semiconductor laser which is the 
process which said process (d) injects said liquefied object on the top face of said semi-conductor deposition 
object in either of claims 8-1 1 using an ink jet head, and arranges this liquefied object on this top face. 
[Claim 13] It is the manufacture approach of the field luminescence mold semiconductor laser which is a liquefied 
object that said liquefied object contains the precursor of thermosetting resin, ultraviolet curing mold resin, said 
thermosetting resin, or ultraviolet curing mold resin in either of claims 8-1 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the field luminescence mold semiconductor laser which carries 
out outgoing radiation of the laser beam perpendicularly to a semi-conductor substrate, and its manufacture 
approach. 
[0002] 

[Background of the Invention] Field luminescence mold semiconductor laser is semiconductor laser which carries 
out outgoing radiation of the laser beam perpendicularly to a semi-conductor substrate, and the resonator is. 
perpendicularly formed on the semi-conductor substrate. The laminating of a reflecting layer, a barrier layer, and 
the reflecting layer is carried out [ which oscillated the laser beam ] to order by carrying out back outgoing 
radiation, and this resonator is constituted. , . 

[0003] As one of the descriptions which was excellent in field luminescence mold semiconductor laser, since the 
laser radiation angle is small isotropic compared with end-face laser, it is mentioned that joint effectiveness with 
an optical element is good. For this reason, the application as the light source is expected in the optic fiber 
communication for which field luminescence mold semiconductor laser used the optical fiber of the large core 
diameter of for example, an end system. 

[0004] Moreover, in the optic fiber communication of an end system, simplification of the configuration of an 
optical -transmitting module; easyHzing of installation, and low costHzation are-demanded. Then, ; by applying field 
luminescence mold semiconductor laser to the optical fiber of a large core diameter, for example, a plastic optical 
fiber etc., direct incidence of the laser beam is carried out to an optical fiber, without minding a lens between an 
optical fiber and the light source, and the method of aiming at improvement in optical effectiveness is examined. 
According to this approach, since incidence of the laser beam can be efficiently carried out to an optical fiber, the 
optical transmitting module of a very easy configuration is realizable. 

[0005] However, since a plastic optical fiber has the fault that transfer loss is large, when transfer distance needs 
to be lengthened, the light source with a big laser beam output is needed. As a way method for increasing the 
laser beam output of field luminescence mold semiconductor laser, enlarging outgoing radiation aperture of a laser 
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beam is mentioned. However, if outgoing radiation aperture of a laser beam is enlarged, the problem that the 
radiation angle of a laser beam becomes large will arise. Increase of the radiation angle of a laser beam results in 
causing the decline in joint effectiveness, reduction of an attachment margin, etc., and it becomes difficult to 
simplify the configuration of an optical-communication module. That is, there was a problem that coexistence with 
securing the die length of a transmission distance and simplifying the configuration of an optical-communication 
module was difficult. 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to obtain a high laser output and offer 
field luminescence mold semiconductor laser with a narrow laser radiation angle, and its process approach. 
[0007] 

[Means for Solving the Problem] (A) The field luminescence mold semiconductor laser concerning this invention It 
is the field luminescence mold semiconductor laser to which a resonator is perpendicularly formed on a semi- 
conductor substrate, and carries out outgoing radiation of the laser beam in the direction perpendicular to this 
semi-conductor substrate from this resonator. Said resonator The outgoing radiation section which has a convex 
lens configuration including a column-like semi-conductor deposition object at least in a part is formed in the top 
face of said semi-conductor deposition object Said semi-conductor deposition object has an embedded structure, 
the perimeter is embedded by the buried layer, and said buried layer is characterized by being formed from the 
matter which has non-compatibility to the ingredient used in order to form said outgoing radiation section. 
[0008] Here, the matter which has non-compatibility to the ingredient used in order to form said outgoing 
radiation section means the matter which has the property to **** the ingredient used in order to form said 
outgoing radiation section. Therefore, the ingredient used in order to form said outgoing radiation section has low 
wettability to said matter. 

[0009] An inorganic material and resin are mentioned as matter which has non-compatibility to the ingredient 
used in order to form said outgoing radiation section. For example, in the case of resin, it is desirable that it is 
fluororesin. 

[0010] According to this configuration, a high laser output is obtained and it can consider as field luminescence 
mold semiconductor laser with a narrow laser radiation angle. In detail, the column of the gestalt of this operation 
describes. 

[001 1] (1) - (4> can be illustrated as a desirable mode of said field luminescence mold semiconductor laser. 
[0012] (1) The electrode for pouring a current into said resonator can be formed in the top face of said semi- 
conductor deposition object. 

[0013] (2) The path of this outgoing radiation section in the plane of composition of said semi-conductor 
deposition object and said outgoing radiation section can be made almost equal to the path of the top face of said 
semi-conductor deposition object. Since the path of this outgoing radiation section in the plane of composition of 
said semi-conductor deposition object and said outgoing radiation section can be arranged with the path of the 
top face of said semi-conductor deposition object, when according to this configuration array-izing field 
luminescence mold semiconductor laser and forming it especially, the outgoing radiation section to which 
magnitude was equal can be formed. Moreover, when the path of the top face of said semi-conductor deposition 
object and the path of this outgoing radiation section in the plane of composition of said semi-conductor 
deposition object and said outgoing radiation section are mostly 4n agreement,^ shaft perpendicular to the top ----- 
face of this semi-conductor deposition object is mostly in agreement through the optical axis of said outgoing 
radiation section, and the core of said semi-conductor deposition object. Furthermore, the optical axis of the 
laser beam by which outgoing radiation is carried out is mostly in agreement with a shaft perpendicular to the top 
face of this semi-conductor deposition object through the core of said semi-conductor deposition object 
Therefore, since a shaft perpendicular to the top face of this semi-conductor deposition object is mostly in 
agreement through the optical axis of said outgoing radiation section, the optical axis of a laser beam, and the 
core of said semi-conductor deposition object, an optical-axis gap can obtain little field luminescence mold 
semiconductor laser. 



[0014] (3) As for said electrode, consisting of a metal is desirable. 

[0015] (4) As for said outgoing radiation section, consisting of a high molecular compound is desirable. 
[0016] (B) The manufacture approach of the field luminescence mold semiconductor laser concerning this 
invention can be formed by following process (a) - (e). ; . t . v ? 

[0017] (a) the process which forms a resonator including a column-like semi-conductor deposition object on a 
semi-conductor substrate, and (b), after the predetermined field of the top face of said semi-conductor 
deposition object has been exposed By embedding the perimeter of said semi-conductor deposition object with 
the matter which has non-compatibility to the liquefied object for forming the outgoing radiation section which 
has a convex lens configuration when the process which forms the electrode for pouring a current into said . 
resonator, and (c) hardening are carried out The process which forms a buried layer in the perimeter of this semi- 
conductor deposition object, is made to harden the process which makes this semi-conductor deposition object 
an embedded structure, the process which arranges said liquefied object on the top face of the (d) 
aforementioned semi-conductor deposition object, and the (e) aforementioned liquefied object, and forms said 
outgoing radiation section. 

[0018] Here, a liquefied object means the ingredient used in order to form said outgoing radiation section, and the 
matter which has non-compatibility to said liquefied object means the matter which has the property to **** said 
liquefied object. That is, said liquefied object has the property in which wettability is low, to said matter. 
[0019] By embedding the perimeter of said semi-conductor deposition object with the matter which has non- 
compatibility to said liquefied object according to this approach A buried layer can be formed in the perimeter of 
this semi-conductor deposition object, said resonator is made into an embedded structure, further, said liquefied 
object can be supplied to the top face of this semi-conductor deposition object, and the outgoing radiation 
section which functions as a micro lens only by stiffening this liquefied object can be formed by the self aryne. 
That is; by- giving a difference to the wettability of said liquefied object to the top face of said semi-conductor 
deposition object, and each front face of said buried layer, said liquefied object becomes a convex lens-like 
configuration spontaneously with surface tension, and the outgoing radiation section which has a convex lens-like 
configuration by stiffening this is obtained. As mentioned above, according to the field luminescence mold 
semiconductor laser of this invention, since said outgoing radiation section can be formed by the self aryne, 
optical-axis doubling is unnecessary and the laser outgoing radiation section without an optical-axis gap can be 
formed at a very easy process. 

[0020] In said process, it is desirable for said matter to be resin. 

^0021] Moreover, it is more desirable ifor said resin to be fluororesin in this case. Fluororesin has non- 
compatibility to almost all kinds of resin liquid. On the other hand, the semi-conductor layer which constitutes 
field luminescence mold semiconductor laser, and the front face of an electrode have, compatibility to almost all 
kinds of resin liquid. Therefore, by using fluororesin as said resin, the difference of the wettability of said liquefied 
object to the-top face of said semi-conductor deposition object and the wettability of said liquefied object to the 
front face of said buried layer which consists of said resin can be enlarged, and said liquefied object will adhere 
only to the top face of said semi-conductor deposition object. Consequently, magnitude is controlled and an 
optical-axis gap can obtain the fewer outgoing radiation section. 

[0022] In said process (d), the following two approaches can be mentioned as a means to supply said liquefied 
- •_- - -object to the top face of an above-nTTentioned semi-conductor deposition object: :~.s.r.^:^^^^^.-~ — ::~s:~:.:^^™-^ - ~ : - 
[0023] It is the approach of arranging this liquefied object on this top face by making the drop of said liquefied 
object at the tip of a dispenser nozzle, and contacting said drop to the 1st on the top face of said semi- 
conductor deposition object. 

[0024] According to this approach, by using said nozzle, the viscosity of a liquefied object, the diameter of a 
nozzle, the liquid optimum dose at the tip of a nozzle, etc. can be adjusted, or the thickness of the outgoing 
radiation section can be easily controlled by surface treatment at the tip of a nozzle etc. Moreover, since the 
supply approach of the liquefied object by the nozzle cannot be easily influenced by the viscosity of a liquefied 
object, its range of an usable liquefied object is wide. Furthermore, since only a required place can supply a 
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liquefied object certainly, there is no futility and a liquefied object does not adhere to an excessive part. 

[0025] It is the approach of using ah ink jet head for the 2nd, injecting said liquefied object on the top face of said 

semi-conductor deposition object, and arranging this liquefied object on this top face. 

[0026] According to the approach using this ink jet head, a liquefied object can be supplied to said front face in a 
short time, and it has the description that productivity is high. 

[0027] Moreover, as for said liquefied object, in the process mentioned above, it is desirable that it is a liquefied 
object containing the precursor of thermosetting resin, ultraviolet curing mold resin, said thermosetting resin, or 
ultraviolet curing mold resin. 
[0028] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is explained, referring 
to a drawing. 

[0029] (Structure of a device) Drawing 1 is the sectional view showing typically the surface emission-type laser 
. concerning the gestalt of 1 operation of this invention. 

[0030] The resonator 120 containing the pillar-shaped section 1 10 is formed on the semi-conductor substrate 

101, and the surface emission-type laser 100 shown in drawing 1 is constituted. The laminating of the lower 
mirror 102, a barrier layer 103, the up mirror 104, and the contact layer 105 is carried out, and the resonator 120 
is formed. The buffer layer which consists of an n mold GaAs on the semi-conductor substrate 101 with which a 
resonator 1 20 consists of an n mold GaAs (not shown), The distribution reflective mold multilayers mirror of 30 
pairs which carried out the laminating of n mold aluminumO.2GaO.8As and the n mold aluminum0.9Ga0.1 As by turns 

1 02, n mold cladding layer which consists of n mold aluminumO.5GaO.5As (not shown), (It is hereafter called a 
"lower mirror") It consists of a barrier layer of a layer and aluminumO.3GaO.7As with a thickness of 4nm. GaAs 
with a thickness of 4nm — a well — this — a well — the barrier layer 103 of the quantum well structure where a 
layer consists of three layers, and p mold cladding layer (not shown) which consists of aluminumO.5GaO.5As — ■ 
The laminating of the distribution reflective mold multilayers mirror (henceforth an "up mirror") 104 and the 
contact layer 105 of 30 pairs which carried out the laminating of aluminumO.2GaO.8As and the 
aluminum0.9Ga0.1As by turns is carried out one by one, and they are formed. 

[0031] The up mirror 104 is used as p mold by doping Zn, and let the lower mirror 102 be n mold by doping Se. 
Therefore, a pin diode is formed by the up mirror 104, the barrier layer 103 by which the impurity is not doped, 
and the lower mirror 1 02. 

[0032] The contact layer 105 has the property which does not crawl the liquefied object mentioned later. That is, 
the liquefied object mentioned later has high wettability to the contact layer 1 05. Moreover, the, contact layer 1 05 
needs to be the quality of the material in which the up electrode 1 13 and ohmic contact are possible, and 
consists of aluminumO.2GaO.8As by which it was doped in the case of the AIGaAs system ingredient (for example, 
three or more [ 5x1 01 8cm - ] high-concentration impurities). 

[0033] As mentioned above, the pillar-shaped section 110 containing the contact layer 105, the up mirror 104, and 
a barrier layer 103 is formed in the resonator 120. Here, the pillar-shaped section means the semi-conductor 
deposition object of the shape of a column formed in the resonator 120. Moreover, the outgoing radiation section 
111 of a laser beam is formed in the top face of the pillar-shaped section 110. 

[0034] The pillar-shaped section 110 has an embedded structure. Namely, as for the pillar-shaped section 110, 
. - . o . _ the perimeter is embedded by =the buried layer 106. A buried layers 06 is-formed from the matter which fias non-^ 
compatibility to the ingredient used in order to form the outgoing radiation section 1 1 1 mentioned later. As this 
matter, an inorganic material and resin are mentioned, for example. Fluororesin is desirable when said matter is 
resin. In the gestalt of this operation, the case where said matter which has non-compatibility to the ingredient 
used in order to form the outgoing radiation section 1 1 1 is resin is shown. 

[0035] Furthermore, the side face of the pillar-shaped section 110 reaches in part, and as an insulating layer 112 
covers the top face of the lower mirror 102, it is formed. 

[0036] And it consists of a metal layer which carried out the laminating of the metal layer which carried out the 
laminating of titanium, platinum, and the gold one by one or chromium, a golden-zinc alloy, and the gold one by 
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one, and on the top face of the pillar-shaped section 1 10, as it contacts the contact layer 105 and in the shape of 
a ring and the up electrode 113 covers the side face of the exposed pillar-shaped section 110, and the front face 
of an insulating layer 112, it is formed. Moreover, opening 1 1 6 is formed in the top face of the pillar-shaped 
section 1 10 when the up electrode 113 touches the contact layer 105 and in the shape of a ring. In opening 1 16, 
the outgoing radiation section 1 1 1 mentioned later is in contact with the contact layer 105. In addition, in the 
gestalt of this operation, although the case where the front face of the metal layer which constitutes the up 
electrode 1 1 3 was a gold layer was described, if it sticks with a buried layer 1 06, it will not be limited especially. 
[0037] Moreover, the lower electrode 115 which carried out the laminating of an Au-germanium alloy, nickel, and 
the gold one by one is formed in the rear face (the field in which a resonator 120 is formed in the semi-conductor 
substrate 101, and field of the opposite side) of the semi-conductor substrate 101. 

[0038] Furthermore, the outgoing radiation section 1 1 1 is enclosed by the top face of the pillar—shaped section 
110 with the up electrode 113, and is made and prepared in it. The outgoing radiation section 1 1 1 is transparent, 
and has a convex lens configuration. That is, the top face of the outgoing radiation section 1 1 1 constitutes a 
convex lens side, and the function to make a laser beam refracted is given. Although especially the quality of the 
material of the outgoing radiation section 1 1 1 is not limited, it is desirable to be formed for example, from high 
molecular compounds, such as polyimide system resin, ultraviolet curing mold acrylic resin, and ultraviolet curing 
mold epoxy system resin, and being formed from polyimide system resin is more desirable. 
[0039] (Actuation of a device) Below, actuation of a surface emission-type laser 100 is explained. 
[0040] With the up electrode 113 and the lower electrode 115, if the electrical potential difference of the forward 
direction is impressed to a pin diode, in a barrier layer 103, the recombination of an electron and an electron hole 
will happen and recombination radiation will arise. Then, in case the produced light goes back and forth between 
the up mirror 104 and the lower mirrors 102, induced emission happens and luminous intensity is amplified. If the 
Mitsutoshi profit turns around optical loss a top, laser oscillation will happen and outgoing radiation of the laser 
beam will be perpendicularly carried out from opening 116 to the semi-conductor substrate 101 through the 
outgoing radiation section 1 1 1 . 

[0041] (Manufacture process of a device) Next, the manufacture process of a surface emission-type laser 100 
shown in drawing 1 is explained. Drawing 2 - drawing 5 are drawings showing the production process of a surface 
emission-type laser 100. 

[0042] The manufacture approach of the surface emission^type laser 100 concerning the gestalt of this operation 
mainly consists of following process (a) - (e). A process (a) is a process which forms the resonator 120 containing 
the pillar-shaped section 110 'on the semi-conductor substrate 101. A process (b) is in the condition which the 
predetermined field of the top face of the pillar-shaped section 1 10 exposed, and is a process which forms the up 
electrode 113 for pouring a current into a resonator 120. When a process (c) is stiffened, it is a process which 
forms a buried layer 106 in the perimeter of the pillar-shaped section 1 10, and makes the pillar-shaped section 
1 10 an embedded structure by embedding the perimeter of the pillar-shaped section 110 using the matter which 
has non-compatibility to the liquefied object 1 1 9 for forming the outgoing radiation section 1 1 1 which has a 
convex lens configuration. In the gestalt of this operation, the case where resin is used as said matter for forming 
a buried layer 1 06 is shown. A process (d) is a process which arranges the liquefied object 1 1 9 on the top face of 
the pillar-shaped section 1 10. A process (e) is a process which is made to harden the liquefied object 119 and 

- forms the outgoing radiation section 1*1 Iv--^--*--- v -v.-.-.- ....... ... - 

[0043] First, a process (a) is explained, referring to drawing 2 . 

[0044] (a) On the semi-conductor substrate 101 which consists of an n mold GaAs, carry out the laminating of 
the buffer layer (not shown) which consists of an n mold GaAs, aluminumO.2GaO.8As, and the aluminum0.9Ga0.1 As 
by turns, and form the lower mirror 102 of 30 pairs which doped Se. next, GaAs with an n mold cladding layer (not 
shown) which consists of n mold aluminumO.5GaO.5As on lower mirror 102a, and a thickness of 4nm — a well — 
from a layer and an aluminumO.3GaO.7As barrier layer with a thickness of 4nm — becoming — this — a well — a 
layer forms barrier layer 103a which consists of three layers. Furthermore, on barrier layer 103a, the laminating of 
p mold cladding layer (not shown) which consists of aluminum0.5Ga0.5As and aluminum0.2Ga0.8As, and the 
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aluminum0.9Ga0.1 As is carried out by turns, and up mirror 104a of 30 pairs which doped Zn is formed. Then, the 
laminating of the contact layer 105a which consists of a p mold GaAs on up mirror 104a is carried out. 
[0045] above-mentioned each class — organic metal vapor growth (MOVPE:Metal-OrganicVapor Phase Epitaxy) 
— epitaxial growth can be carried out by law. 750 degrees C and a growth pressure are 2x104Pa, at this time, for 
example, growth temperature, the organic metal of TMGa (trimethylgallium) and TMAI (trimethylaluminum) can be 
used for an III group raw material, and it can use DEZn (diethylzinc) for V group raw material at H2Se and p mold 
dopant at AsH3 and n mold dopant. 

[0046] Next, on the contact layer 105, after applying a photoresist, as shown in drawing 2 , the resist layer 500 of 

a predetermined pattern is formed by carrying out patterning of the photoresist, by the photolithography. 

[0047] Subsequently, as shown in drawing 3 , by using the resist layer 500 as a mask, by the reactive-ion-etching 
- method, it etches in the shape of a mesa to contact layer 105a, up mirror 104a, and barrier layer 103a, and the 

pillar-shaped section 1 10 is formed. The reactant ion-beam-etching method for using chlorine or chlorine-based 
* gas (a hydrogen chloride, BCI3) as etching gas is usually used for this etching. In addition, in this process, the 

layer etched is not limited to these but is suitably determined by the configuration of the resonator made into the 

purpose. Of the above process, the pillar^shaped section 110 containing the contact layer 105, the up mirror 104, 

and a barrier layer 1 03 is formed. 

[0048] Next, a process (b) is explained. 

[0049] (b) As shown in drawing 4 , form silicon oxide (SiOX film) of 100-300nm of thickness in the front face of a 
resonator 120 using SiH4 (mono silane) gas and 02 (oxygen) gas with the ordinary pressure heat CVD method 
which makes N2 (nitrogen) gas carrier gas. Then, by the photolithography and dry etching, as shown in drawing 4 
R> 4, except for a part of side face of the pillar— shaped section 110, and the top face of the lower mirror 102, 
etching removal of the silicon oxide is carried out, and an insulating layer 1 12 is formed. 

[0050] Subsequently, an Au-germanium alloy and the lower electrode 115 which carried out the laminating of 
nickel and the Au one by one are formed in the rear face of the semi-conductor substrate 101 with a vacuum 
deposition method. 

[0051] Furthermore, as shown in drawing 4 , the up electrode 1 13 is formed by the lift-off method so that it may 
contact the contact layer 105 and in the shape of a ring on the top face of the pillar-shaped section 110 and the 
side face and insulating layer 1 1 2 of the pillar— shaped section 1 1 0 may be covered. The up electrode 1 1 3 can 
form titanium, platinum, and gold using the metal layer which carried out the laminating one by one. 
[0059] Next, a process (c) is explained with reference to drawing 5 . 

[0053] (c) Embed the perimeter of the pillar-shaped section 110 by resin, and obtain a buried layer 106 so that 
only the top face of the pillar-shaped section 1 10 may be exposed. What has non-compatibility to the liquefied 
object used in order to form the outgoing radiation section 1 1 1 in the process mentioned later is used for the 
resin which constitutes a buried layer 106. As this resin, fluororesin is desirable. As fluororesin, although 
ultraviolet curing mold fluororesin or heat-curing mold fluororesin, and 2 liquid mixing chemical reaction mold 
fluororesin can be illustrated, handling is a simple point and ultraviolet curing mold fluororesin is desirable. 
[0054] In addition, the matter for forming a buried layer 106 is not necessarily limited to fluororesin, and if it is 
matter which has non-compatibility to the liquefied object which sticks to the up electrode 113 and is mentioned 
later, it is applicable as matter for forming a buried layer 106. 

[0055] According*© the~ above process, a buried layer 106 is formed in the perimeter of iJie pillar-shaped-section - 
110, and let the pillar— shaped section 1 10 be an embedded structure. 
[0056] Next, a process (d) is explained. 

[0057] (d) Supply a liquefied object to pillar-shaped section 110 top face by the nozzle first. This supplying 
method is explained referring to drawing 6 - drawing 8 . Drawing 6 - drawing 8 are the mimetic diagrams which 
expressed how to supply the liquefied object 119 to pillar-shaped section 110 top face by the nozzle with time. 
[0058] The liquefied object 1 1 9 of the resin used as the quality of a component of the laser outgoing radiation 
section or the precursor of the resin is injected into a nozzle 1 1 7. At the tip of a nozzle 1 1 7, as shown in drawing 
6 , the drop of this liquefied object is made. Next, as shown in drawing 7 , this drop is contacted on the top face 
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of the pillar-shaped section 110. And after moving a drop to the part formed in the top face of the pillar-shaped 
section 110 among the top face of the pillar-shaped section 1 10 especially the exposure of the contact layer 105, 
and the up electrode 1 13, a nozzle 1 17 is detached as shown in drawing 8 . 

[0059] The contact layer 105 and the up electrode 113 consist of the quality of the material which has 
compatibility to the liquefied object 119. That is, the contact layer 105 and the up electrode 113 consist of the 
quality of the material which does not crawl the liquefied object 119. Thereby, the liquefied object 119 moved to 
the top face of the pillar-shaped section 110 can stabilize and exist in the top face of the pillar-shaped section 

110 which consists of some the contact layers 105 and the up electrodes 1 1 3 which were exposed, moreover, 
since the buried layer 106 is formed from the resin which has non-compatibility to the liquefied object 119, the 
liquefied object 1 19 is **** on a buried layer 106 — even if it carries out, a buried layer 106 crawls. The crawled 
liquefied object is absorbed by the liquefied object formed in the top face of the pillar-shaped section 110, 
consequently the liquefied object 119 remains in the top face of the pillar-shaped section 110. The remaining 
liquefied object 1 1 9 forms the lens configuration used as the original form of the laser outgoing radiation section 

1 1 1 with surface tension. 

[0060] Thus, according to the approach of supplying a liquefied object to pillar—shaped section 1 10 top face by 
the nozzle, the amount of drops at the viscosity of a liquefied object, the diameter of a nozzle, and the tip of a 
nozzle etc. can be adjusted, or the thickness of the laser outgoing radiation section 1 1 1 can be easily controlled 
by surface treatment at the tip of a nozzle etc. Moreover, since the supply approach of the liquefied object by the 
nozzle cannot be easily influenced by the viscosity of a liquefied object, its range of an usable liquefied object is 
wide. Furthermore, since only a required place can supply a liquefied object certainly, there is no futility and a 
liquefied object does not adhere at an excessive place. 

[0061] As a liquefied object of resin, ultraviolet curing mold acrylic resin, ultraviolet curing mold epoxy system 
resin, etc. can be mentioned, for example. As a liquefied object of a precursor, the liquefied object containing the 
monomer of the liquefied object of a polyimide precursor, ultraviolet curing mold acrylic resin, and ultraviolet 
curing mold epoxy system resin etc. can be mentioned. 

[0062] Since ultraviolet curing mold resin can be hardened only by UV irradiation, it does not have the worries 
about the damage by the heat to a component, exfoliation of the laser outgoing radiation section by the 
differential thermal expansion of the semi-conductor layer and resin which are produced when heat curing is 
carried out, etc. 

[0063] Ultraviolet curing mold resin consists of what contained at least one sort and a photopolymerization 
initiator among a prepolymer, oligomer, and a monomer. 

[0064] As an example of ultraviolet curing mold acrylic resin, methacrylate, such as acrylate, such as epoxy 
acrylate, urethane acrylate, polyester acrylate, polyether acrylate, and SUPIRO acetal system acrylate, epoxy 
methacrylate, urethane methacrylate, polyester methacrylate, and polyether methacrylate, can be used as a 
prepolymer or oligomer, for example. 

[0065] As a monomer, for example 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, 2-hydroxyethyl acrylate, 2- 
hydroxyethyl methacrylate, An N-vinyl-2-pyrrolidone, carbitol acrylate, tetrahydrofurfuryl acrylate, 
Monofunctional nature monomers, such as isobornyl acrylate, dicyclopentenylacrylate, and 1 ,3-butanediol acrylate, 
1 ,6-hexanediol diacrylate, 1 , 6-hexanedioIdimethacrylate, Neopentyl glycol acrylate, polyethylene-glycol diacrylate, 
Bifunctional monomers; such- as pentaerythritol diacrylate, trimethylolpropane triacrylate; > Polyfunctions! - 
monomers, such as trimethylolpropanetrimethacrylate, a pentaerythritol thoria chestnut rate, and dipentaerythritol 
hexaacrylate, are mentioned. 

[0066] As a photopolymerization initiator, for example Acetophenones, such as a 2 and 2-dimethoxy-2-phenyl 
acetophenone Butyl phenons, such as alpha-hydroxy isobutyl phenon and p-isopropyl-alpha-hydroxy isobutyl 
phenon A p-tert-butyl dichloro acetophenone, p-tert-BUCHIRUTORI chloroacetophenone, Halogenation 
acetophenones, such as an alpha and alpha-dichloro-4-phenoxy acetophenone Benzophenones, such as 
benzophenone, N, and N-tetraethyl -4 and 4-diamino benzophenone Benzyls, such as benzyl and benzyl dimethyl 
ketal, a benzoin, Oximes, such as benzoins, such as benzoin alkyl ether, the 1 -phenyl -1, and a 2-propane dione- 
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2-(o-ethoxycarbonyl) oxime The radical generating compound of benzoin ether, such as xanthones, such as 2- 
methylthio xanthone and 2-chloro thioxan ton, the benzoin ether, and the isobutyl benzoin ether, and Michler's 
ketones can be mentioned. It has the advantage that resin after hardening ultraviolet curing mold acrylic resin is 
highly transparent. 

[0067] As a polyimide precursor, the long-chain alkyl ester of polyamic acid and polyamic acid etc. can be 
mentioned. The polyimide system resin which was made to carry out heat curing of the polyimide precursor, and 
was obtained has 80% or more of permeability in a light field, and since the refractive index is as high as 1 .7-1 .9, 
the big lens effectiveness is acquired. 
[0068] Next, a process (e) is explained. 

[0069] (e) The liquefied object of the top face of the pillar-shaped section 1 10 is stiffened, and field luminescence 
laser as shown in drawing 1 is completed. When a liquefied object is the above-mentioned ultraviolet curing mold 
resin, it can be made to harden by irradiating ultraviolet rays, 

[0070] Moreover, as a liquefied object, when the liquefied object of a polyimide precursor is used, an imide-ized 
reaction can be stiffened by making lifting polyimide system resin generate by carrying out heating cure 
processing of the liquefied object of a polyimide precursor. Although curing temperature changes with classes of 
precursor, viewpoints, such as prevention of the damage by the heat to a component, the damage to the resin 
which constitutes a buried layer 106, the differential thermal expansion of a substrate and polyimide system resin, 
and alloying of an electrode, to about 150 degrees C are suitable for it. As heating time, the metal atom which 
constitutes an electrode is set as extent which anomalous diffusion does not produce inside a semi-conductor 
layer. 

[0071] In said process (d), although the supply approach by the dispenser nozzle 117 was illustrated as an 
approach of supplying a liquefied object to the top face of the pillar-shaped section 110, as shown in drawing 8 
and drawing 9 , the approach of injecting and supplying the liquefied object 1 1 9 to the top face of the pillar- 
shaped section 110 etc. is applicable using the ink jet head 118. The approach using the Inkjet head 1 18 can 
supply a liquefied object to the top face of the pillar-shaped section 11 0 in a short time, and has the advantage 
that productivity is high. In case the ink jet of the liquefied object is carried out, although the liquid viscosity of a 
liquefied object is an important element, it can also be adjusted to suitable liquid viscosity by adding a dilution 
solvent in a liquefied object. 

[0072] Especially as a dilution solvent applicable to the liquefied object of ultraviolet curing mold resin, although 
not limited, propylene-glycol-monomethyl-ether acetate, the propylene glycol monopropyl ether, methoxymethyl 
"propionate, methoxy ethyl propionate, ethylcellosolve, ethylcellosolve acetate; ethyllactate, ethyl pill BINETO, 
methyl amyl ketone, a cyclohexanone, a xylene, toluene, butyl acetate, etc. can be mentioned, it is independent, or 
two or more sorts can be mixed and used, for example. 

[0073] As a dilution solvent applicable to the liquefied object of the precursor of polyimide, a N-methyl-2- 
pyrrolidone can be mentioned, for example. 

[0074] Furthermore, in addition to this as an approach of supplying said liquefied object to the top face of the 
pillar— shaped section 1 10, a spin coat method, a dipping method, a spray coating method, the roll coat method, the 
bar coat method, etc. can be used suitably. 

[0075] (An operation and effectiveness) Next, the main operations and effectiveness in the surface emission-type 
laser 100 concerning the gestalt of this operation and its manufacture approach cire explained. •-"•-». -w- 
[0076] (1) In the surface emission-type laser 100 concerning the gestalt of this operation, as shown in drawing 1 , 
the outgoing radiation section 1 1 1 is formed in the top face of the pillar-shaped section 1 1 0, and it is further 
formed in the convex lens configuration, the top face, i.e., the laser outgoing radiation side, of the outgoing 
radiation section 1 1 1. By forming the laser outgoing radiation side in the convex lens configuration, in a laser 
outgoing radiation side, a laser beam can be made refracted and the radiation angle can be narrowed. Moreover, 
according to this configuration, since a radiation angle is controllable in a laser outgoing radiation side, even if it 
enlarges laser outgoing radiation aperture, it also becomes possible to set up a radiation angle small. 
[0077] (2) In the manufacture approach of the surface emission-type laser 100 concerning the gestalt of this 
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operation, a difference can be given to the wettability of said liquefied object to the front face of a buried layer 
106, and each top face of the pillar-shaped section 1 10 by embedding the perimeter of the pillar-shaped section 
1 10 by the matter which has non-compatibility to the liquefied object for forming the outgoing radiation section 
111, and forming a buried layer 106. Therefore, a liquefied object can be supplied to the top face of the pillar- 
shaped section 1 10, and the laser outgoing radiation section 1 1 1 which functions as a micro lens only by 
hardening said liquefied object can be formed by the self aryne. According to the above process, optical-axis 
doubling is unnecessary and the laser outgoing radiation section 1 1 1 without an optical-axis gap can be formed at 
a very easy process. 

[0078] As matter for forming a buried layer 106 especially, when using fluororesin, the difference of the wettability 
of said liquefied object to the top face of the pillar-shaped section 110 and the wettability of said liquefied object 
to the front face of said buried layer can be enlarged more. Therefore, since control of magnitude can be ensured 
by using fluororesin as said matter for forming a buried layer 106, an optical-axis gap can obtain the fewer 
outgoing radiation section. 

[0079] (3) The path of the outgoing radiation section 1 1 1 in the plane of composition of the pillar-shaped section 
110 and the outgoing radiation section 1 1 1 can be made almost equal to the path of the top face of the pillar- 
shaped section 1 10. Thereby, when array-izing especially the surface emission— type laser 100 and forming it, the 
outgoing radiation section 1 1 1 to which magnitude was equal can be formed. Moreover, when the path of the 
outgoing radiation section 1 1 1 in the plane of composition of the pillar-shaped section 110 and the outgoing 
radiation section 111 and the path of the top face of the pillar-shaped section 1 10 are mostly in agreement, a 
shaft perpendicular to the top face of the pillar-shaped section 1 10 is mostly in agreement through the optical 
axis of the outgoing radiation section 111, and the core of the pillar-shaped section 110. Moreover, the optical 
axis of the laser beam by which outgoing radiation is carried out is mostly in agreement with a shaft perpendicular 
to the top face of the pillar— shaped section 110 through the core of the pillar-shaped section 1 10. Therefore, in a 
surface emission-type laser 100, since a shaft perpendicular to the top face of the pillar-shaped section 1 10 is 
mostly in agreement through the optical axis of the outgoing radiation section 111, the optical axis of the laser 
beam by which outgoing radiation is carried out, and the core of the pillar-shaped section 1 10, an optical-axis gap 
can obtain little field luminescence mold semiconductor laser. 

[0080] In addition, even if it replaces p mold and n mold in each semi-conductor layer in the gestalt of the above- 
mentioned operation, it does not deviate from the meaning of this invention. Although the gestalt of the above- 
mentioned operation explained the thing of an aluminum-Ga-As system, it is also possible to use semiconductor 
materials, such as other ingredient systems, for example, an In-P system, an In-aluminum-As system, a Ga-In-As 
system, a Ga-In-N system, an aluminum-Ga-In-P system, a Ga-In-N-As system, an aluminum-Ga-In-As system, 
and a Ga-In-As-P system, according to oscillation wavelength. 

[0081] Moreover, the drive approach of the surface emission-type laser in the gestalt of the above-mentioned 
operation is an example, and various modification is possible for it unless it deviates from the meaning of this 
invention. Moreover, although the gestalt of the above-mentioned operation shows the surface emission-type 
laser the number of the pillar-shaped sections is [ surface emission-type laser ] one, even if there are two or 
more pillar-shaped sections in a substrate side, the gestalt of this invention is not spoiled. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing typically the cross section of the field luminescence mold semiconductor laser 
concerning the gestalt of 1 operation of this invention. 

[Drawing 2] It is the sectional view showing typically one production process of the manufacture approach of the 

field luminescence mold semiconductor laser concerning the gestalt of 1 operation of this invention. 

[Drawing 3] It is the sectional view showing typically one production process of the manufacture approach of the 

field luminescence mold semiconductor laser concerning the gestalt of 1 operation of this invention. 

[Drawing 4] It is the sectional view showing typically one production process of the manufacture approach of the 

field luminescence mold semiconductor laser concerning the gestalt of 1 operation of this invention. 

[Drawing 5] It is the sectional view showing typically one production process of the manufacture approach of the 

field luminescence mold semiconductor laser concerning the gestalt of 1 operation of this invention. 

[Drawing 6] It is the mimetic diagram which expressed how to supply a liquefied object to the top face of the 

pillar-shaped section using a nozzle with time. 

[Drawing 7] It is the mimetic diagram showing how to supply a liquefied object to the top face of the pillar-shaped 
section using a nozzle following on the process shown in drawing 6 . 

[Drawing 8] It is the mimetic diagram showing how to supply a liquefied object to the top face of the pillar-shaped 
section using a nozzle following on the process shown in drawing 7 . 

[Drawing 9] It is the mimetic diagram which expressed how to supply a liquefied object to the top face of the 
pillar-shaped section using an ink jet head with time. 

[Drawing 10] It is the mimetic diagram showing how to supply a liquefied object to the top face of the pillar- 
shaped section using an ink jet head following on the process shown in dr^wing_9 . 
[Description of Notations] 

100 Field Luminescence Mold Semiconductor Laser (Surface Emission-type Laser) 

101 Semi-conductor Substrate 
' 1 02 Lower Mirror 

103,103a Barrier layer, 
104,104a Up mirror 
105,105a Contact layer 
106 Buried Layer 

110 Pillar-shaped Section 

1 1 1 Outgoing Radiation Section 

112 Insulating Layer 

1 1 3 Up Electrode 

- 11 5 Lower Electrode r^.— r . --f.*c •.-.-*.<■—•• - 

1 1 6 Opening 

1 1 7 Nozzle 

118 Ink Jet Head 

1 1 9 Liquefied Object 

120 Resonator 
500 Resist Layer 
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